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(57) Abstract 

A perfusion shunt apparatus and methods are described 
for isolating and selectively perfusing a segment of a patient's 
cardiovascular system and for directing circulatory flow around 
the isolated segment. An aortic perfusion shunt apparatus is 
configured for deployment within a patient's aortic arch and 
methods are described for isolating the aortic arch vessels from 
the aortic lumen, for selectively perfusing the arch vessels with 
a fluid and for directing blood flow within the aortic lumeni. 
through a shunt past the isolated arch vessels. The perfusion 5 : 
shunt apparatus may be mounted of a catheter or cannula for \ 
percutaneous introduction or for direct insertion into a circulatory 
vessel, such as the aorta. The perfusion shunt apparatus 
has application for protecting a patient from embolic stroke 
or hypoperfusion during cardiopulmonary bypass or cardiac 
surgery and also for selectively perfusing the cerebrovascular 
circulation with oxygenated blood or with neuroprotective fluids 
in the presence of risk factors, such as head trauma or cardiac 
insufficiency. The perfusion shunt apparatus will also find 
application for selective perfusion of other organ systems within 
the body. 
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PERFUSION SHUNT APPARATUS AND METHOD 

FIELD OF THE INVENTION 

The present invention relates generally to a perfusion shunt apparatus and to methods for 
isolating and selectively perfusing a segment of a patient's cardiovascular system and for 
directing circulatory flow around the isolated segment. More particularly, it relates to a perfusion 
shunt apparatus configured for deployment within a patient's aortic arch and to methods for 
isolating the aortic arch vessels from the aortic lumen, for selectively perfusing the arch vessels 
with a fluid and for directing blood flow within the aortic lumen through a shunt past the isolated 
arch vessels. 

The perfusion shunt apparatus of the present invention may be mounted oil a catheter or 
cannula for percutaneous introduction or for direct insertion into a circulatory vessel, such as the 
aorta. The perfusion shunt apparatus has application for protecting a patient from embolic stroke 
or hypoperfusion during cardiopulmonary bypass or cardiac surgery and also for selectively 
perfusing the cerebrovascular circulation with oxygenated blood or with neuroprotective fluids 
in the presence of risk factors, such as head trauma or cardiac insufficiency. The perfusion shunt 
apparatus will also find application for selective perfusion of other organ systems within the 
body. 

BACKGROUND OF THE INVENTION 

Over the past decades tremendous advances have been made in the area of heart surgery, 
including such life saving surgical procedures as coronary artery bypass grafting (CABG) and 
cardiac valve repair or replacement surgery. Cardiopulmonary bypass (CPB) is an important 
enabling technology that has helped to make these advances possible. Recently, however, there 
has been a growing awareness within the medical community and among the patient population 
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of the potentia, sequelae , adverse affect of hear, surges and of cardioputaona^ bypass 

surgery and with cardiopubnotuny bypass. One of ft. like.y causes of stroke and of neurotome 
defici. is ft. ..ease of emboli i„,o the Wood stream during near, surges Potential ernbohc 

cardtac valves and ftrombus or c!o«s from „ift m ft. chamben of ^ heffl ^ 

emboh may be dislodged during surgical maroon of fte hear, and fte ascending aorta or 

cue to high velocity Jetting (sometimes called fte "sandblasung effect") ft™ me aortic 

open incisions or ftrough fte aortic perfusion ca m „U is another source of potential emboli 
Emboh fta, ,odge in ft. brain may cause a stroke or other neurologic deficit. Clinica, studies 
have shown a correction between fte number and size of emboli passing ftrough fte carotid 
artenes and the fluency and seventy of neurologic damage. At leas, one study has found fta. 
Sank strokes seem to be associated with macroemboli larger man approximately 100 
mtcrome^fasize.whereasmc^subtlenetuologicdeficitsseem^be^ia^ 
nucroemboli smaUer than approximately ,00 micrometers in size. In order to improve fte 
outcomeofcanhacsmgeryandto avoid adverse neurological effect it would bevetybeneficia! 
to ekmmate or reduce fte potential of such cerebral embolic events. 

^"^journalarh-c^^^ 
adversecerebmloutcomesassociatedwift cardiac smgery.e.g.DetenmnationorSizeof Aortic 
Emboh and EmboUc I*ad During Coronary Artety Bypass Grafting; Barbu, e, a!, Ann Thorac 
Surg 1997;63;1262-7;Aordc Atheromatosis and Risks of Cerebral Embolization; Barbutet al- 
J Card* Vase Anesft, Vol .0,N„ 1, ,996: pp 24-30; Aortic Atheroma is Mated to Outeome 
b« no. Number of Embo,i During Coronary Bypass; Barbu. e, al. Arm Thorac Surg 
I997;64;454-9; Adverse Cerebral Outcomes After Corona^ Artery Bypass Surgay; Roach e, 
al.; New England J of Med, Vol 335, No 25, 1996: pp 1857-1863; Signs of Brain Cell Injury 
D«nngOpenHear.Opera«ons:Pas. and Present; Aberg; Ann ThoracSurgl995;59;1312-5The 
Role of CPS Management in Neurobehavioral Outcomes After Cardiac Surgery; Marking 
™° ra ^l»«*13^";RiskFac,orsforC^^ 

Thorac Surg 1995;59;1296-9; Brain Microemboli Associated with Cardiopulmonary Bypass- 
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A Histologic and Magnetic Resonance Imaging Study; Moody et al.; Ann Thorac Surg 
1995;59;1304-7; CNS Dysfunction After Cardiac Surgery: Defining the Problem; Murkin; Ann 
Thorac Surg 1995;59;1287+; Statement of Consensus on Assessment of Neurobehavioral 
Outcomes After Cardiac Surgery; Murkin et al.; Ann Thorac Surg 1 995 ;59; 1289-95 ; Heart-Brain 
Interactions: Neurocardiology Comes of Age; Sherman et al.; Mayo Clin Proc 62:1158-1160, 
1 987; Cerebral Hemodynamics After Low-Flow Versus No-Flow Procedures; van der Linden; 
Ann Thorac Surg 1995;59;1321-5; Predictors of Cognitive Decline After Cardiac Operation; 
Newman et al.; Ann Thorac Surg 1995;59;1326-30; Cardiopulmonary Bypass: Perioperative 
Cerebral Blood Flow and Postoperative Cognitive Deficit; Venn et al; Ann Thorac Surg 
1995;59;1331-5; Long-Term Neurologic Outcome After Cardiac Operation; Sotaniemi; Ann 
Thorac Surg 1 995 ;59; 1336-9; Macroemboli and Microemboli During Cardiopulmonary Bypass; 
Blauth; Ann Thorac Surg 1 995 ;5 9; 1 300-3. 

Commonly owned, co-pending U.S. provisional application 60/060,1 17, and 
corresponding U.S. patent application 09/158,405, which are hereby incorporated by reference, 
describe an aortic perfusion filter catheter for prevention of cerebral embolization and embolic 
stroke during cardiopulmonary bypass or cardiac surgery. The patent literature also includes 
several other references relating to vascular filter devices for reducing or eliminating the potential 
of embolization. These and all other patents and patent applications referred to herein are hereby 
incorporated by reference in their entirety. The following U.S. patents relate to vena cava filters: 
5549626, 5415630, 5152777, 5375612, 4793348, 4817600, 4969891, 5059205, 5324304, 
5108418, 4494531. The following U.S. patents relate to vascular filter devices: 5496277, 
5108419, 4723549, 3996938. The following U.S. patents relate to aortic filters or aortic filters 
associated with atherectomy devices: 5662671, 5769816. The following international patent 
applications relate to aortic filters or aortic filters associated with atherectomy devices: WO 
97/17100, WO 97/42879, WO 98/02084. The following international patent application relates 
to a carotid artery filter: WO 98/24377. The patent literature also includes the following U.S. 
patents related to vascular shunts and associated catheters: 3991767, 5129883, 5613948. None 
of these patents related to vascular shunts provides an apparatus or method suitable for 
prevention of cerebral embolization and embolic stroke or for performing selective perfusion of 
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of some cau.es ofneurologic damage, there continKS ,„ „, . ^ J 
apparatus ana mefcods ,o prevent cerebral OTboliMioni ^ ™ 

SUMMARY OF THE INVENTION 

perfus'" T'" 8 Wi,h " * invention Ukes ,h, form of . 

srjr app r md mMho4s for ^ « • ™* 

, particu,arly embodiment of the invention, the perfusion shuD , ^ 

- mefcods are descnbed for isoUting the ^ 
^^^^^^^^^ 

I n,n, ° aC, ^ V ^'- Ch - ta ^^P^onshun, appals 

-ects the patient from cerebral embolic and embolic stroke during cardiopulnar, 

-he patient Son, cerebral hypoperfusion by providing selective perfusion of the aortic arch 

H. I**™, shun, apparatus also ftads appHcation ibr se!ective perfusion of the 
cerebrovascular circulation in the presence of risk factors, such as head trauma Or cardiac 
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insufficiency. The perfusion shunt apparatus will also find application for selective perfusion of 
other organ systems within the body. 

The perfusion shunt apparatus of the present invention includes an expandable shunt 
conduit with an upstream end, a downstream end and an internal lumen. The expandable shunt 
conduit is mounted on a catheter or cannula for percutaneous introduction via peripheral artery 
access or for direct insertion into the aorta. The expandable shunt conduit is a generally 
cylindrical tube of a flexible polymeric material or fabric that may be impermeable or porous to 
blood. Located at the upstream end of the expandable shunt conduit is an upstream sealing 
member. A downstream sealing member is located at the downstream end of the expandable 
shunt conduit. Optionally, the expandable shunt conduit may also include a plurality of support 
members that bridge between the upstream sealing member and the downstream sealing member. 
When deployed, the upstream sealing member and the downstream sealing member support the 
expandable shunt conduit in an open, deployed configuration and create a seal between the 
expandable shunt conduit.and the vessel wall. An annular chamber is created between the vessel 
wall and the shunt conduit. A perfusion lumen within the catheter shaft communicates with the 
annular chamber external to the shunt conduit. 

In one particularly preferred embodiment, the upstream sealing member and the 
downstream sealing member are inflatable toroidal balloon cuffs, which are sealingly attached 
to the upstream end and the downstream end of the expandable shunt conduit In another 
embodiment, the upstream sealing member and the downstream sealing member are in the form 
of selectively deployable external flow valves. In yet another embodiment, the upstream sealing 
member and the downstream sealing member include extendible and retractable elongated 
expansion members to expand the upstream and downstream ends of the expandable shunt 
conduit until they contact and create a seal against the inner surface of the aorta. 

Optionally, an outer tube may be provided to cover the shunt conduit when it is in the 
collapsed state in order to create a smooth outer surface for insertion and withdrawal of the 
perfusion shunt apparatus and to prevent premature deployment of the shunt conduit. Optionally, 
each embodiment of the perfusion shunt apparatus may also include an occlusion device, such 
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as an inflatable balloon, to selectively occlude and seal the lumen ofthe expandable shunt 
conduit. Each embodiment ofthe perfusion shunt apparatus may also include an embolic filter 
for filtering potential emboli from the blood passing through the internal lumen of the 
expandable shunt conduit. Each embodiment ofthe perfusion shunt apparatus may include one 
ormoreradiopaquemarkers,sonoreflectivemarke re orUghtemittmgdevices to 
ofthe apparatus using fluoroscopy, ultrasonic imaging or aortic transillumination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS 1 -3 show a perfusion shunt apparatus according to the present invention configured 
for retrograde deployment in a patient's aortic arch via a peripheral arterial access point FIG 1 
xs a cutaway perspective view ofthe perfusion shunt apparatus deployed within the aortic arch 
via femoral artery access. FIG 2 is a cross section ofthe perfusion shunt apparatus taken along 
lme 2-2 in FIG 1. FIG 3 shows the apparatus with the shunt in a collapsed state for insertion or 
withdrawal of the device from the patient. 

FIG 4 shows an alternate embodiment of the perfusion shunt apparatus using external 

flow control valves as sealing members. 

FIGS 5 and 6 show an aortic perfusion shunt apparatus configured for retrograde 
deployment via subclavian artery access. FIG 5 is a cutaway perspective view ofthe perfusion 
shunt apparatus deployed within the aorta. FIG 6 shows the apparatus with the perfusion shunt 
conduit in a collapsed state for insertion or withdrawal ofthe device from the patient 

FIGS 7 and 8 show an aortic perfusion shunt apparatus configured for antegrade 
deploymentviadirectao^^ 

apparatus deployed within the aorta. FIG 8 shows the apparatus with the perfusion shunt in a 
collapsed state for insertion or withdrawal ofthe device from the aorta. 

FIGS9a-9bandl0a-10bshowanembodimentofanaorticpermsionshuntap P aratuswith 
an aortic occlusion mechanism at the upstream end ofthe shunt conduit. 

FIGS lla-1 lb and 12a-12b show an alternate embodiment of an aortic perfusion shunt 

apparatus with an aortic occlusion mechanism at the upstream end ofthe shunt conduit. 

FIG 13 shows an alternate construction of an aortic perfusion shunt apparatus according 

to the present invention. 
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FIG 14a is an end view of the aortic perfusion shunt apparatus of FIG 13. FIG 14b is a 
cross section of the aortic perfusion shunt apparatus of FIG 13. 

FIG 15 shows another alternate construction of an aortic perfusion shunt apparatus 
according to the present invention. 

FIG 16 is a cross section of the aortic perfusion shunt apparatus of FIG 15. 

FIG 17 shows an aortic perfusion filter shunt apparatus according to the present invention. 

FIG 18 shows a combined aortic perfusion shunt apparatus with an embolic filter 
mechanism positioned at the downstream end of the shunt conduit. 

FIG 1 9 shows an alternate embodiment of an aortic perfusion shunt apparatus combined 
with an embolic filter mechanism positioned within the shunt conduit. 

FIGS 20 and 21 show an aortic perfusion shunt apparatus configured for retrograde 
deployment via femoral artery access and having upstream and downstream sealing members 
operated by extendible and retractable elongated expansion members. FIG 20 is a cutaway 
perspective view of the perfusion shunt apparatus deployed within the aorta. FIG 21 shows the 
apparatus with the perfusion shunt conduit in a collapsed state for insertion or withdrawal of the 
device from the patient. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGS 1-3 show a perfusion shunt apparatus 100 according to the present invention 
configured for retrograde deployment in a patient f s aortic arch via a peripheral arterial access 
point. FIG 1 is a cutaway perspective view of the perfusion shunt apparatus 1 00 deployed within 
the aortic arch via femoral artery access. FIG 2 is a cross section of the perfusion shunt apparatus 
100 taken along line 2-2 in FIG 1. FIG 3 shows the distal end of the apparatus with the shunt 
conduit 102 in a collapsed state for insertion or withdrawal of the device from the patient 

Referring now to FIG 1, the perfusion shunt apparatus 100 is shown in an expanded or 
deployed state within a patient's aortic arch. The perfusion shunt apparatus 100 includes an 
expandable shunt conduit 102, which has an upstream end 104, a downstream end 106 and an 
internal lumen 1 12. Preferably, the expandable shunt conduit 102 is constructed as a generally 
cylindrical tube of a flexible polymeric material or fabric that is substantially impermeable to 
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linutedto,polyvinylchloride,polyurethane nolvethvw , «. out arc not 

I— a. *. upstream end , M of the ^J^^ I ~ T 

conduit support and sealing member 108 a a P ShUnt 

Hm , , - 6 ° f the e *Pandable shunt conduit 102 When 

2 c7 d ! k " " deP ' 0yed «««^- -d c rate a sea, be I CT 

to expandable shun, condui, ,02 and «he vessel wall, as shown i„ FIG , a , 

-du, s Upport md ^ ^ , 08 ^ fcd ^ J « 

fl«.b.e polymers and elastomers, which include, hu, are „o, Wted ,„, po,^, chloride 
alloys, copolymers and remforced composites thereof. 

members which orid g e between th e upsueam seahn, member ,0 8 and me LIT 
sta H " 7 " m ° re ^ OT "»« — ' * — e 

exT ■ an< ' SUPP0 " ^ m "* * - * ' - -ewha, 

fl«.b.e. eo„ fig ura, 10 „ so ma, they conform naturally „ interna, curvature of me patienfs 
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aortic arch when deployed. Alternatively, the expandable shunt conduit 102 and the support 
members 136 may be preshaped with a curve to match the internal curvature of the patient's 
aortic arch. 

Preferably, the expandable shunt conduit 1 02 between the upstream sealing member 108 
and the downstream sealing member 110 will have a length sufficient to bridge across the target 
branch vessels without occluding them. In various embodiments configured for different clinical 
applications, the expandable shunt conduit 102 is preferably from 1 cm to 40 cm in length, more 
preferably from 5 cm to 15 cm in length. In one particularly preferred embodiment configured 
for perfusing the aortic arch vessels in adult human patients, the expandable shunt conduit 102 
is preferably approximately 8 cm to 12 cm in length. Likewise, the diameter of the expandable 
shunt conduit 1 02 is also adaptable for a variety of different clinical applications. The expandable 
shunt conduit 102 should have a large enough diameter, when expanded, to allow sufficient 
blood flow through the expandable shunt conduit 102 to adequately perfuse the organs and 
tissues downstream of the deployed perfusion shunt apparatus 100. Preferably, the expandable 
shunt conduit 102 is of a diameter slightly smaller than the host vessel into which it is intended 
to be introduced so that the wall of the expandable shunt conduit 1 02 is separated from the vessel 
wall creating an annular chamber 130 between the upstream sealing member 108 and the 
downstream sealing member 1 10, as described above. This arrangement also prevents the wall 
of the expandable shunt conduit 102 from occluding or restricting flow of perfusate into the 
target branch vessels. In various embodiments configured for different clinical applications, the 
expandable shunt conduit 102 is preferably from 0.2 cm to 10 cm in diameter, more preferably 
from 1 cm to 5 cm in diameter. For deployment in the aortic arch and perfusing the aortic arch 
vessels in adult human patients, the expandable shunt conduit 102 is preferably approximately 
1 .0 cm to 2.5 cm in diameter. With these dimensions, the internal lumen 1 12 of the expandable 
shunt conduit 102 will be capable of delivering approximately 2 to 4 liters of oxygenated blood 
per minute from the heart, which are necessary to adequately perfuse the organs and tissues 
downstream of the aortic arch. When deployed, the upstream sealing member 108 and the 
downstream sealing member 110 preferably have an inner diameter approximately equal to the 
diameter of the expandable shunt conduit 102 and an outer diameter sufficient to seal against the 
interior wall of the host vessel. In various embodiments configured for different clinical 
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the „ pstre ^ memb£r , 08 ^ fte downsiream 
preferably have an outer diameter of 0.3 cm to 15 cm, more preferably 1 cm to 7 cm For 

or cannula ,20 for Action mto tb e patienfs circulatory system. 1 m j£ 

o™° to ~ Sh '»«™ >00>ee,onga,edcathe,ersha„ .OisconfiZ 
for retrograde deployment of me expar.dab.e .bum conduit ,02 in a patient, aortie archTa a 

zr t accKs snch k *• ,emorai — ^ — 

P*en t to *e aorbc arcb. For femora, artery deployment, tte elongated catheter abaft ,20 
preferably has a ,e ngul from « to ,20 cm. more preferab.y 70 to 90 cm The 

elated catheter shaft ,20 h preferably ext^d of a flexibfc ^ £ 

*-op lasbcelastome, Sui.ab,ema.e^ sferttreeIongatedcameterstaI( 

Mona), po^te,, and alloys or copolymers tbereof. as we,, as braided. coUed or 

As seen to tke cross section of ft. appaxato in FIG 2, me elongated catheter abaft ,20 
ha, a person lumen 122. a firs, inflation ,um=n ,24 »d a second inflation bunen ,26. Tbe 

»«ber,08a„d m cdowns l reamsea,ingmember,,0.Tbeproximalc„d,2 8 „fmee,on g a l ^ 
catheter sbaft ,20 is adapted for connecting me perfusion ,ume» ,22 to a cardiopubnonary 

oypass pump or ofter sou*, of oxygena^ bl M d or oto^^^ 

be configured to a„„„ sufficient fluid flow to preserve orgar, a*d tissue function of fte organs 
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and tissues supplied by the target branch vessels. For cerebral perfusion, the perfusion lumen 122 
should be configured to allow sufficient fluid flow to preserve organ function of the brain and 
other tissues supplied by the arch vessels. For normothermic perfusion with oxygenated blood, 
the perfusion lumen 122 should have sufficient cross-sectional area to allow 0.5 to 1.5 liters per 

5 minute, and more preferably 0.75 to 1.0 liters per minute, of blood flow without significant 

hemolysis or other damage to the blood. For hypothermic perfusion with cooled oxygenated 
blood, the flow rate can be reduced to 0.25 to 0.75 liters per minute, permitting a reduction in the 
cross-sectional area of the perfusion lumen 122. For perfusion with blood substitutes, such as 
perfluorocarbons, or with neuroplegic solutions, the cross-sectional area of the perfusion lumen 

10 122 should be designed to allow sufficient flow rate to preserve organ function given the 

viscosity, pressure susceptibility and the oxygen and metabolite transport capabilities of the 
chosen perfusate fluid. 

Optionally, the perfusion shunt apparatus 1 00 may be configured for introduction over 
15 a guidewire. For example, the perfusion lumen 122 of the elongated catheter shaft 120 may be 

adapted for accepting a guidewire. The perfusion lumen 122 may be provided with a distal 
opening at the distal end of the elongated catheter shaft 120 for passing a guidewire, such as an 
0.035 or 0.038 inch diameter guidewire. Optionally, a valve, such as the catheter valve described 
in U.S. patent 5,085,635, which is hereby incorporated by reference, maybe included at the distal 
20 end of the perfusion lumen 122 to prevent perfusate from passing through the distal opening 

during perfusion. Alternatively, the elongated catheter shaft 1 20 may include an additional lumen 
(not shown) for introducing the perfusion shunt apparatus 100 over a guidewire. 

In various embodiments of the perfusion shunt apparatus 100 configured for different 
25 clinical applications, the elongated catheter shaft 120 preferably has an external diameter from 

3 to 24 French size (1 to 8 mm diameter), more preferably from 8 to 16 French size (2.7 to 5.3 
mm diameter). In one particularly preferred embodiment configured for perfusing the aortic arch 
vessels with normothermic blood in adult human patients, the elongated catheter shaft 120 
preferably has a length of approximately 70 to 90 cm and an external diameter from 
30 approximately 10 to 14 French size (3.3 to 4.6 mm diameter), which allows a flow rate of 

approximately 0.75 to 1.0 liters per minute! In another preferred embodiment configured for 



. WO 99/30765 

PCT/US98/26529 

12 

from app_,y s , 0 ,2 Prencn ^ (2 . 6 10 4 . 0 „„ whjch 
approximateIy0.25to0.75Htersperrainute. 'owraeof 

^^^^^^^ ^ Kophag ^ ~ 
Bywayofexamp,,,™ a,d 3 show a pension shunt apparatus .o.^.^^ 

upstream sealing member 108 and a second downstream 

marker™. i« ... u downstream radiopaque and/or sonorefleclive 

-kernn ,42 on the camshaft 120 jus. dista, to ft , do5mstream sealing ^ 

on he seahns members .08. , , 0 and/or me shun, condui, ,02 ,„ ^„ w me posWo „ J er ^ 
deployment stateofthe perfusion shun, apparatus 100. 
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_ Asecondrnflattonpor, U4 connects mesecond inflation, um en .26 with me interior 

ofti* second mflatio,, mmen ,26 „ „ a second ,uer fltting , 34 or olher ^ 
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•* a smgie inflation ,un,e„ conned to bom me fa inflation po rt , 14 and me second 
■nflauon port „4 and connected a, the pmxima, e .d , 0 . singIe lm fittmg m ^ ^ 

bes„n„, a „eo„s,y Ma ,eda„ddefl,^ 

could be used to reduce the overall diameter of me elongaled catheter shaft 120 
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Referring now to FIG 3, the perfusion shunt apparatus 1 00 is shown in an undeployed or 
collapsed state for insertion or withdrawal of the device from the patient. To place the perfusion 
shunt apparatus 1 00 in the collapsed state, the upstream sealing member 1 08' and the downstream 
sealing member 110' are deflated and the shunt conduit 102' is wrapped or folded around the 
catheter shaft 120 to reduce its overall diameter. Optionally, an outer tube 138 may be provided 
to cover the shunt conduit 1 02 when it is in the collapsed state in order to create a smooth outer 
surface for insertion and withdrawal of the perfusion shunt apparatus 100 and to prevent 
premature deployment of the shunt conduit 102. 

The perfusion shunt apparatus 1 00 is prepared for use by folding or compressing the shunt 
conduit 102' into a collapsed state within the outer tube 138, as shown in FIG 3. The distal end 
of the perfusion shunt apparatus 100 is then inserted into the aorta in a retrograde fashion. 
Preferably, this is done through a peripheral arterial access, such as the femoral artery or 
subclavian artery, using the Seldinger technique or an arterial cutdown. Alternatively, the 
perfusion shunt apparatus 1 00 may be introduced directly through an incision into the descending 
aorta after the aorta has been surgically exposed. The perfusion shunt apparatus 100 is advanced 
up the descending aorta and across the aortic arch while in the collapsed state. The position of 
the perfusion shunt apparatus 1 00 may be monitored using fluoroscopy or ultrasound, such as 
transesophageal echography (TEE), with the help of the radiopaque markers and/or 
sonoreflective markers 140, 142 on the catheter shaft 120. When the upstream marker ring 140 
is positioned in the ascending aorta between the aortic valve and the brachiocephalic artery and 
the downstream marker ring 1 42 is positioned downstream of the left subclavian artery, the outer 
tube 124 is withdrawn and the shunt conduit 102 is expanded by inflating the upstream sealing 
member 108 and the downstream sealing member 1 10, as shown in FIG 1 . To encourage the 
upstream sealing member 108 and the downstream sealing member 1 10 to seal with the inner 
surface of the aorta, they may be made with differential wall compliance that encourages the 
toroidal balloons to expand outward, away from die expandable shunt conduit i 02. For example, 
the upstream sealing member 108 and the downstream sealing member 1 10 may be made with 
a thicker balloon wall 109 near the inner surface of the toroidal balloon and a thinner balloon 
wall 1 1 1 near the outer surface of the toroidal balloon, as indicated in FIG 2. Differential wall 
compliance can also be accomplished by combining different balloon materials of varying 
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n. annular chamber no smTOmdin8 toe Amt collduit , 02 ^ 

WO- »~ Wood or ano m er chosen My be tafaed fte 



If the perfusion shunt apparatus 100 k to Ka n e ^ • 
. b w . PP ,S ,0 be used m conjunction with cardiopulmonary 

bypass,anartenalreturncannulal46maybeDlacedinth,.« a- 

conduit -107 „■ w. . maybep,aCedlntheascen d™gaorta U p S treamoftheshunt 

conduit 102 using known methods. Blood flow throuah th,. a «w • 

^" owl ^ugh the aortic lumen from the beatine heart 

»cn„ 2 „ fthostatconduitI02 . IfdK ^ as ^ croKcimpanda 
cranny .^.^^ . patH „ s 
y Fe,er Saf„ S . William « and Miroslav Klain, which „ hereby 

and mduc,„ 8 eard,op,e 8 ic arrest. Ate use , the shuill ^ ,„ „ ^ „ 
P-mo noydefla ^ fteTOsetfngmemtoiM ^ ftew ^^^ i]o 

withdrawn from the patient. 

Selective perMon of ihe arch ve^els provides ^ ' 

hypopertaon of*, brai. Any potential emboli fiom the cardiopuhnonary bypass circuit or 
from surreal manipulation of «be bear, or the aorta „ prevent from mtaing me 

^ to ■* A «« «» Perfusion shun. a^Wy ,02 is 

returned ,„ the collapsed position and U>e catheter 100 is withdrawn from the patient 

InanaUcrna.emetodforusewi.hftisando.herembodimen.sof.hep^sionshun, 
sealmg member ! ,0 uninflated. Aortic Mood fiow Son, the heart or from an arterial return 
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from entering the arch vessels and the cerebral circulation by pumping perfusate through the 
perfusion lumen 122 at a sufficient rate to create a pressure gradient that prevents blood flowing 
through the shunt conduit 102 from entering the annular chamber 130 surrounding the shunt 
conduit 102. When using this alternate method, the perfusion shunt apparatus 100 may be 
simplified by eliminating the downstream sealing member 110 from the shunt conduit 102. 

In an alternate embodiment of the perfusion shunt apparatus 1 50, shown deployed within 
a patient's aortic arch in FIG 4, the upstream sealing member 152 and the downstream sealing 
member 154 may take the form of external flow control valves, as described in commonly 
owned, cozening patent applications 08/665,635, 08/664,361, now U.S. patent 5,827,237, and 
08/664,360, now U.S. patent 5,833,671, which are hereby incoiporated by reference. In this 
alternate embodiment, the upstream sealing member 152 would preferably be in the form of an 
antegrade, peripheral flow valve and the downstream sealing member 1 54 would preferably be 
in the form of a retrograde, peripheral flow valve. In such a configuration, positive perfusion 
pressure within the annular chamber 156 surrounding the shunt conduit 160 would tend to seal 
the upstream sealing member 152 and the downstream sealing member 154 against the vessel 
wall. However, in the event that the perfusion pressure within the annular chamber 1 56 dropped 
below aortic pressure, the upstream sealing member 152 would open so that aortic blood flow 
could augment the cerebral blood flow delivered through the perfusion lumen 1 62. Alternatively 
or in addition to this passive valve action, the upstream sealing member 1 52 and the downstream 
sealing member 154 may be actively deployed by one or more actuation wires 158 extending 
through the elongated shaft 166 of the apparatus. The actuation wires 158 would be attached at 
their distal ends to one or more of the valve leaflets of the upstream sealing member 152 and the 
downstream sealing member 154 and at their proximal ends to one or more slide buttons 164 or 
other actuation means for independent or simultaneous deployment. 

The foregoing examples of the perfusion shunt apparatus of the present invention show 
retrograde deployment of the device within the aorta via femoral artery access. Each of the 
described embodiments of the perfusion shunt apparatus can also be adapted for retrograde 
deployment via subclavian artery access or for antegrade or retrograde deployment via direct 
aortic puncture. 
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Re ^^^<oftt.= P« te i.„ s hu„uppa ra m Sl OOviadir K tao rt cpu„c« m 
- similar ,o induction via femora, artery ^ excep , ^ ^ 

apparanrs ,00 is introduced dirKtly mt0 me descending ^ ^ fc ^ ^ 
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FIGS 5 and 6 show an aortic perfusion shun, apparatus 170 configured for retrograde 

shuntapparams ,70deployed within the aorta. F,Go shows tnedista. end of dre apparata .70 
. wth the perfusion shunt in a collapsed state for insertion or withdrawal of the devi« from ft. 
'^^»'"«^i--4d^^«^, 1 . p(rtlltalltallt , 

as compared,, thefemoral version of» 1 «ca ft «,er,«heou B ided i am.« W of U ,eca U ,e««rsha n i72 
can bereduced ,o6to .2 French size <2 to 4 mm outside diameter, for delivering theO.25,0 I 5 
ta. per minute of oxygenated blood needed ,o perfuse me arch vessels to preserve organ 
ftncon. The reduce diameter of the catheter shaft 172 is especially advantageous for 

Oheter system for subclavian or femora.art^deHvery, me outern.be 174 may be adapted for 
use as an introducer sbeath by me addition of an optional hemostasis valve 1 76 a, meproximal 
end of the outer tube ,74. This eliminates the need for a separate introducer sheath for 
introducing the perfusion shun, apparatus 170 into the circulalory system. 

Inuse.me^sionshimtappara.usnOism^ ^ 
me Seldmger technique or an arterial cutdown, with the perfusion shun, conduit 178' in a 

.sadvanceda^ssmeaortcarchwWieinme^^ 

apparatus 170 may be monitored using fluoroscopy or ultrasound, such as transesophagea, 
echography (TEE) with the h. Ip of ups^am and downstream radiopaque madcers and/or 
sonoreflective markers .80, 182, .ocated on me catheter shaft 172 and/or the perfusion shun, 
condm, 178. When the upstream marker 180 is posuioned in me ascending aorta between me 
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aortic valve and the brachiocephalic artery and the downstream marker 182 is positioned at the 
ostium of the left subclavian artery, the outer tube 174 is withdrawn and the shunt conduit 102 
is expanded by inflating the upstream sealing member 1 84 and the downstream sealing member 
1 86, as shown in FIG 5. In a preferred embodiment of the apparatus, the catheter shaft 1 72 has 
a preformed bend 1 88 at the point where it passes through the downstream sealing member 186 
and where it makes the transition from the left subclavian artery into the aortic arch to assist 
seating the apparatus 170 in the correct position. The downstream sealing member 186 is 
configured so that when it is inflated it also occludes the left subclavian artery. The annular 
chamber 190 surrounding the shunt conduit 178 created by inflation of the upstream sealing 
member 1 84 and the downstream sealing member 1 86 is fluidly connected to the arch vessels and 
is isolated from the lumen of the aorta. 

Once the perfusion shunt apparatus 1 70 is deployed, oxygenated blood or another chosen 
perfusate may be infused through a first perfusion lumen 192 and out through one or more 
perfusion ports 194 to selectively perfuse the arch vessels that deliver blood to the brain and the 
upper extremities. Because the left subclavian artery is occluded by the downstream sealing 
member 186 when it is inflated, a second perfusion lumen 196 is provided in the catheter shaft 
1 72 to perfuse the left upper extremity through a perfusion port 1 98 located on the catheter shaft 
172 proximal to the downstream sealing member 186. Additionally or alternatively, the arch 
vessels may be perfused through a cannula placed in a branch of one of the arch vessels, such as 
the patient's right subclavian artery. Such an arrangement would allow the perfusion lumen 192 
to be reduced in size or even eliminated from the apparatus 170. Again, if the perfusion shunt 
apparatus 170 is to be used in conjunction with cardiopulmonary bypass, an arterial return 
cannula 146 may be placed in the ascending aorta upstream of the shunt conduit 178 using 
known methods. Blood flow through the aortic lumen from the beating heart and/or from the 
arterial return cannula 1 46 is shunted past the arch vessels through the internal lumen of the shunt 
conduit 178. After use, the shunt conduit 178 is returned to the collapsed position by deflating 
the upstream sealing member 184 and the downstream sealing member 186 and advancing the 
outer tube 176 distally over the shunt conduit 178, then the apparatus 170 is withdrawn from the 
patient. 
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FIGS 7 and 8 show an aortic perfusion shunt apparatus 200 configured for antegrade 
dep, oyrae ntviadi^^ 

apparatus 200 deployed with the perfusion shunt conduit 202 in an expanded state within the 
aort,n G 8shows*eapparatus200 with theperfusion shunt conduit 202' in a collapsed state 
for insertion or withdrawal of the device from the aorta. 

The perfusion shunt conduit 202 is mounted on an elongated catheter shaft 208 The 
perfusion shunt conduit 202 is similar to the embodiments previously described except that 
because the aortic perfusion shunt apparatus 200 is introduced into the ascending aorta in the 
antegrade direction, the upstream sealing member 206 is positioned proximally to the 
downstream sealing member 204 on the elongated catheter shaft 208. T*e elongated catheter 
shaft208hasaperfusionlumen214whichi S fluidly connected to one or more perfusion ports 
216 located on the catheter shaft 208 between the upstream sealing member 206 and the 
downstream sealing member 204. The proximal end of the elongated catheter shaft 208 is 
adapted for connecting the perfusion lumen 214 to a cardiopulmonary bypass pump or other 
source of oxygenated blood or other fluid using standard barb connectors or other connectors 
A first inflation lumen 218 fluidly connects a first luer fitting 220 with a first inflation port 222 

Iocatedonmeinteriorofmeupstreamsealingmember206.Ase C ondinflationlumen2 
connects a second luer fitting 226 with a second inflation port 228 located on the interior of the 
downstream sealing member 204. Optionally, the elongated catheter shaft 208 may also include 
asecondperfusionlumen(not shown), which would be connected to one or more perfusion ports 
located upstream of the upstream sealing member 206. 

The perfusion lumen 214 should be configured to allow sufficient fluid flow to preserve 
organ and tissue function of the organs and tissues supplied by the target branch vessels 
Because the perfusion shunt apparatus 200 is introduced directly into the ascending aorta, the 
elongated catheter shaft 208 can be reduced to a length of approximately 20 to 60 cm and an 
outside diameter of approximately 6 to 12 French size (2 to 4 mm outside diameter) for 
delivering the 0.25 to 1.5 liters per minute of oxygenated blood needed to perfuse the arch 
vessels to preserve organ function. 
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Preferably,the P erfusionshu n tapparatu S 200include S afirst, upstream radiopaque and/or 
sonoreflective marker ring 210 on the catheter shaft 208 just distal to the upstream sealing 
member206 and a second, downstream radiopaque and/or sonoreflective marker ring 212 on the 

cametershaft208justproximaltomedownstreamsealingmember204.Visualmarkersmayalso 
be placed on the catheter shaft 208 to assist placement under direct or thoracoscopic 
visualization. 

In use, a purse string suture is placed in the wall of the ascending aorta and an aortotomy 
incision is made. The perfusion shunt apparatus 200 is introduced into the ascending aorta 
throughmeaortotomyincision,withwepe^^ 

206' and the downstream sealing member 204' in a collapsed state, as shown in FIG 8. 
Optionally, the collapsed perfusion shunt conduit 202' may be covered with an outer tube 230 
to ease insertion of the device and to prevent premature deployment. The perfusion shunt 
apparatus 200 is advanced across the aortic arch in an antegrade fashion. The position of the 
perfusion shunt apparatus 200 may be monitored using fluoroscopy or ultrasound, such as 
transesophageal echography (TEE). When the upstream marker 210 is positioned in the 
ascending aorta between the aortic valve and the brachiocephalic artery and the downstream 
marker 212 is positioned downstream of the left subclavian artery, the outer tube 230 is 
withdrawn and the shunt conduit 202 is expanded by inflating the upstream sealing member 206 
. and the downstream sealing member 204, as shown in FIG 7. In one preferred embodiment, the 
catheter shaft 208 has a preformed bend 232 proximal to the perfusion shunt conduit 202 where 
the catheter shaft 208 passes through the aortic wall to assist seating the apparatus 200 in the 
correct position. Once the perfusion shunt apparatus 200 is deployed, oxygenated blood or 
another chosen perfusate may be infused through a perfusion lumen 214 and out through the 
perfusion ports 216 to selectively perfuse the arch vessels^ If the perfusion shunt apparatus 200 
is to be used in conjunction with cardiopulmonary bypass, an arterial return cannula (not shown) 
may be placed Li the ascending aorta upstream of the shunt conduit 202 using known methods 
or the.aorta may be perfused through the optional second perfusion lumen discussed above. 
Blood flow through the aortic lumen from the beating heart and/or from the arterial return 
cannula is shunted past the arch vessels through the internal lumen of the shunt conduit 202. For 
complete cardiopulmonary bypass with cardioplegic arrest, the perfusion shunt apparatus 200 
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may be used in combination with a standard aoruc cross clamp or with an intra aortic banoon 
damp. After use, the shun, conduit 202 is returned to the coMapsed position bv deflating the 

tube 230 dista.lv over the shun, conduit 202, men the apparatus 200 „ 

patient. 

FIGS9 ^andl0a-10bshowane m bodimentofanao rt icpe rf usionsh^ 
with an aortic occlusion mechanism at the upstream end of the expandable shunt conduit 242 
FIG 9a shows the aortic perfusion shunt apparatus 240 with the expandable shunt conduit 242 
deployed within a patient's aortic arch. FIG 9b is a distal end view of the expandable shunt 
conduct 242 of the aortic perfusion shunt apparatus 240 of FIG 9, FIG 10a shows the aortic 
perfusion shunt «PP-tus 240 of FIG 9a wim me aortic occlusion mechanism 244' activated to 
block flow through the expandable shunt conduit 242. FIG 10b is a distal end view of the 
expandable shunt conduit 242 and activated aortic occlusion mechanism 244' of FIG 10a. 

TTiis embodiment of the aortic perfusion shunt apparatus 240 may be adapted for 
retrogradedeploymentviaperipheralanenalaccess,asshown,oritmayb^ 

deployment viadirect aortic insertion. Inmost aspects, the aortic perfusion shunt apparatus 240 
andtheexpandableshunt^^ 

desenbed. However, the upstream sealing member 244 is adapted so that it also serves as an 
aornc occlusion mechanism. The upstream sealing member 244 is expandable from a collapsed 
pos.Uon for insertion to an expanded position for sealing between the expandable shunt conduit 
242 and the aortic wall, as show in FIGS 9a and 9b. As shown in FIGS 10a and 10b the 
upsfreamsealingmember2^ 
diameterofAeto^dalups^ 

ofmeexpandabIeshuntconduit242.Toencouragemeupstreamsealingmember244'to expand 
mwardtooccludetheinner lumen 246 ofthe expandable shunt conduit 242, the toroidal balloon 
244 may bemade with differential wall compliance. For example, thetoroidal upstream sealing 
member 144 may be made with a thinner balloon wall 243 near the inner surface of the toroidal 
balloonandathicker balloon wall 245 near me outer surface ofmetoroiclal balloon, as indicated 
m nG 10b. Differential wall compliance can also be accomplished by combining different 
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balloon materials of varying elasticity. This integral aortic occlusion mechanism obviates the 
need for a separate aortic cross clamp or intra aortic balloon clamp when the aortic perfusion 
shunt apparatus 240 is used for complete cardiopulmonary bypass with cardioplegic arcest. 
Preferably, the aortic perfusion shunt apparatus 240 also includes a cardioplegia lumen 248, 
which extends from the distal end of the elongated catheter shaft 252 to a luer fitting 250 on the 
proximal end. The cardioplegia lumen 248 may also be used as a guidewire lumen to assist 
introduction of the device into the vasculature. 

After the upstream sealing member 244' has been inflated to its occluding position, 
cardioplegic solution may be infused through the cardioplegia lumen 248 into the aortic root and 
hence into the coronary arteries to induce cardioplegic arrest. The arch vessels may be 
selectively perfused through the perfusion lumen 254, which connects to one or more perfusion 
ports 256 located on the exterior of the catheter shaft 252 between the upstream sealing member 
244 and the downstream sealing member252. The descending aorta downstream of the perfusion 
shunt apparatus 240 may be perfused through a separate arterial cannula, which may be placed 
in the contralateral femoral artery or which may be coaxial to the elongated catheter shaft 252. 
Alternatively, the elongated catheter shaft 252 of the perfusion shunt apparatus 240 may be 
provided with a second perfusion lumen (not shown) connecting to perfusion ports located 
downstream of the downstream sealing member 252. 

The patient can be converted from cardioplegic arrest to a beating heart condition, while 
maintaining selective perfusion of the arch vessels, by partially deflating the upstream sealing 
member from the occluding position 244' to the expanded position 244. This allows oxygenated 
blood to flow retrograde through the inner lumen 246 of the expandable shunt conduit 242 and 
into the coronary arteries to revive the arrested heart. Once the heart has resumed beating, blood 
flow from the heart will flow antegrade through the expandable shunt conduit 242 to the rest of 
the body. Selective perfusion of the arch vessels through the perfusion lumen 254 may be 
maintained as long as necessary. After use, the shunt conduit 242 is returned to the collapsed 
position by deflating the upstream sealing member 244 and the downstream sealing member 252 
and the apparatus 240 is withdrawn from the patient. 
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FIGS 1 la-1 lb and 12a-12b show an alternate embodiment of an aortic perfusion shunt 
expandable shunt conduit 262 of the flnrtiV ««,^; • 

t , 1C PCrfilS10n *** •W«t M 260 of FIG 11a FIG 12a 

showstheaorticpern 1S ion S huntappa ra tus260ofFIGllawith t he a ^ , • 
28n-artiv»t«i* u, i « Ha with the aortic occlusion mechanism 

^80 activated to block flow through the exnanHaM^.u * 

expandable shunt conduit 262. FIG 12b is a distal end 

oodu,, 262 are sunUar ,n construction to Ore embodiments previ ous ly described, h, addition, 
« .umen « of the e,tpaudab,e shun, condni, 2„2. „ oae prefared 

e made of a flextbie polymer or earner, such as po lyviny , chioHde, po ly »JLe 
^ene P o IyP rop y ,ene, po^des (nylons) , ^ » ^ 

£7 * te «-- Mft *-*----*-»i. Matabien.maconapsedposition 
b. a flap or valve, which is s..ecdve ly actuatab.. „ ^ fte ta |umen 266 of ^ 
separate aortic cross Camp or tana aorne balioon Camp when the aortic perfusion shun, 

device into the vasculature. 
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After the occlusion member 280' has been inflated to its occluding position, cardioplegic 
solution may be infused through the cardioplegia lumen 268 into the aortic root and hence into 
the coronary arteries to induce cardioplegic arrest The arch vessels may be selectively perfused 
through the perfusion lumen 274, which connects to one or more perfusion ports 276 located on 
the exterior of the catheter shaft 272 between the upstream sealing member 264 and the 
downstream sealing member 272. The descending aorta downstream of the perfusion shunt 
apparatus 260 may be perfused through a separate arterial cannula, which may be placed in the 
contralateral femoral artery or which may be coaxial to the elongated catheter shaft 272. 
Alternatively, the elongated catheter shaft 272 of the perfusion shunt apparatus 260 may be 
provided with a second perfusion lumen (not shown) connecting to perfusion ports located 
downstream of the downstream sealing member 272. 

The patient can be converted from cardioplegic arrest to a beating heart condition, while 
maintaining selective perfusion of the arch vessels, by partially or completely deflating the 
occlusion member 280 from the occluding position 280' to the collapsed position 280. This 
allows oxygenated blood to flow retrograde through the inner lumen 266 of the expandable shunt 
conduit 262 and into the coronary arteries to revive the arrested heart. Once the heart has 
resumed beating, blood flow from the heart will flow antegrade through the expandable shunt 
conduit 262 to the rest of the body. Selective perfusion of the arch vessels through the perfusion 
lumen 274 may be maintained as long as necessary. After use, the shunt conduit 262 is returned 
to the collapsed position by deflating the upstream sealing member 264 and the downstream 
sealing member 272 and the apparatus 260 is withdrawn from the patient. 

FIGS 13, 14a and 14b show an alternate construction of an aortic perfusion shunt 
apparatus 290 according to the present invention. FIG 13 shows the aortic perfusion shunt 
apparatus 290 deployed within a patient's aorta. FIG 14a is an end view of the aortic perfusion 

«, « PP aiaiua ±y\j ui rxvj i r iu i^o is a cross section of the aortic perfusion shunt apparatus 

290 of FIG 13. This alternate construction may be used with any of the embodiments of the 
perfusion shunt apparatus described herein. In most respects, the aortic perfusion shunt apparatus 
290 and the expandable shunt conduit 292 are similar in construction to the embodiments 
previously described. However, in this embodiment a distal portion of the elongated catheter 
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292 TT U sco^do n of«he a o rti cpcr a sion s h Mta pp arate 290a 1 lov ra ft eexpmdableshlmt 
of.l»hos t ve3se,,i nflli sca S e t h e ao ni c ai ch. Ms o al lo» sa c.e3 rM obs tra c,«d fl owofpe ri u sat c 

than lined up along on. side of the host vessel, such as in the descending 



[aorta* 



F!OS is and ^showanomeralt^ateconsmtenonof an aortic perfusion shun, apparatus 
300 accordmg ,„ the present invention. PIG IS shows the aortic perfusion shun, apparatus 300 

of the perfusion shunt apparatus described herein. In most respect fte aortic perfusion shun, 
apparams 300 and ,he expandable shun, condui, 302 are similar in consnucHon ,o fte 
ernbod.m^previousiydescribed.However.indnsen.bo.Um^ 

of the aortic arch. This displaces ,he expandable shun, condui, 302 and ft. elongated caheter 
shaft 308 ,oward the inferior side of the aortic a,* and away Son, ft. arch vessels The 
«P™^'»h»tc O „dm,302andft.^^ 

FIG "^ ma mic ra monm, a ^^^ } l0^^ gtoaxpraall 
wmnm. to mos, respecu, ft. aortic perfusion shun, apparaus 310 and the expandabl. shun, 
condurt 3 12 are similar in construction ,o the embodiments previously described. However in 
tins embodiment, rate than being mad. of a rehuively impermeable material, the expandable 
shun, condui, 312 is mad. of a porous finer mesh material. Optionally, ft. dow^tream end of 
me expandable shun, condui, 312 may have an end wall 318 of filter mesh material across me 
■nner lumen 320 of ft. expandable shun, condui, 312, as well. The filter mesh material of me 
expand»b.= shun,co»dui,312maybeawovenorkm tt ed fabric, such asDacron or nylon mesh 
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or other fabrics, or it may be a nonwoven fabric, such as a spun bonded polyolefin or expanded 
polytetrafluoroethylene or other nonwoven materials. Alternatively, the filter mesh materia] of 
the expandable shunt conduit 3 12 may be an open cell foam material. The filter mesh material 
of the expandable shunt conduit 312 must be nontoxic and hemocompatible, that is, non- 
thrombogenic and non-hemolytic. Preferably, the filter mesh material of the expandable shunt 
conduit 3 12 has a high percentage of open space, with a uniform pore size. The pore size of the 
filter mesh material can be chosen to capture macroemboli only or to capture macroemboli and 
microemboli. In most cases the pore size of the filter mesh material will preferably be in the 
range of 1-200 micrometers. For capturing macroemboli only, the pore size of the filter mesh 
material will preferably be in the range of 50-200 micrometers, more preferably in the range of 
80-100 micrometers. For capturing macroemboli and microemboli, the pore size of the filter 
meshmaterialwillprefemblybe^ 

of5-20micrometers.Inother applications, such as for treating thromboembolic disease, a larger 
pore size, e.g. up to 1000 micrometers (1 mm) or larger, would also be useful. In some 
embodiments, a combination of filter materials having different pore sizes may be used. The 

expandableshuntconduitS^andmeendwallSlgmaybemadeoffiltermeshmaterialshaving 
different pore sizes. For example, the expandable shunt conduit 312 may be made with a very 

fine filtermeshmaterialforcapturingbothmacroemboli and microemboli, and the end wall318 
may be made of a coarser filter mesh material for capturing macroemboli only. 

When the aortic perfusion filter shunt apparatus 310 is deployed within the aortic arch, 
the filter mesh material of the expandable shunt conduit 312 will protect the arch vessels and 
prevent emboli from entering the cerebral vasculature. Potential emboli that are stopped by the 
filtermeshmaterialofmeexpandableshun^^ 

320 of the expandable shunt conduit 312 and flow downstream where they will be better 
tolerated or they will be stopped by the filter mesh material of the end Wall 318. Undesirable 
embolic events em be avoided without stopping the heart or otherwise interfering with the 
nonnalftaictiOToffl* 

a perfusate of preselected temperature or chemical composition can be performed through the 
perfusion lumen 3 14 of the aortic perfusion filter shunt apparatus 3 1 0. The perfusate that exits 
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U.=p=r M onpo n s316wmb=conc mtt a te di llt h=archve SS e ls b yte pr K c„c.c f U,= m,e rn e S h 
matenal of the expandable shunt conduit 3 12. 

In addition, m e aortic perfusion finer shun, apparatus 310 ofFIG 1 7 may be combined 
wth the aortic occlusion mechanism of FIGS o a . 9 b and lOMOb or I la-1 lb and 12a-12b for 
performing compete canjiopulmonary bypass win, cardioplegic arrest. With this arrangement 
one cafteter wil, provide a motion!** stopped hear, environment for intricate carfiac surgery 

wh,leo„ bypass ^^va^larpro,ecUonby fi ,«o„and S .,ec,iv.p n fb»o„while.„or 

off bypass. 

Additionally or alternatively, the aortic perfusion filter shunt apparatus 310 of FIG 17 
may be operated in the alternate method of use described above in connection with FIGS 1 -3 by 
mflatmg the upstream sealing member 322 only to expand the shunt conduit 3 12 and leaving the 
downstream sealing member 324 uninflated. The annular space around the expandable shunt 
condu,t312isperfused through the perfusion ports 3 16 oftheperfusion lumen 3 14. When using 
th.s alternate method, the aortic perfusion filter shunt apparatus 310 may be simplified by 
eliminating the downstream sealing member 324 from the shunt conduit 312. 

FIG 18 shows a combined aortic perfusion shunt apparatus 330 with an embolic filter 
mechanism 332 positioned at the downstream end of the shunt conduit. The elongated catheter 
shaft 336 and the expandable shunt conduit 312 of the apparatus 330 may be built according to 
anyofthepreviously described embodiments. Attached to the apparatus 330 at the downstream 
end of the expandable shunt conduit 312 is an embolic filter mechanism 332 made of a filter 

meshmaterial.ThefUtermeshmaterialof M eembolicfiltermechamsm332,wmchma^ 
of any of the filter materials described above, can be chosen to capture macroemboli only or to 
capture macroemboli and microemboli. The embolic filter mechanism 332 may be roughly 
corneal in shape as shown or any other convenient geometry. Other examples of suitable 
geometries and constructions for the embolic filter mechanism 332 may be found in commonly 
owned, cozening U.S. provisional application 60/060,117, and corresponding U.S. patent 
application 09/158,405, which has previously been incorporated by reference. 
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When the aortic perfusion shunt apparatus 330 is deployed within the aortic arch, the arch 
vessels and thus the cerebral vasculature, are protected from embolization or hypoperfusion by 
selective perfusion through the perfusion lumen 338 of the elongated catheter shaft 336, while 
the organs and tissues downstream of the apparatus 330 are protected from embolization by the 
embolic filter mechanism 332. In addition, the aortic perfusion shunt apparatus 330 of FIG 18 
may be combined with the aortic occlusion mechanism of FIGS 9a-9b and lOa-lOb or 1 la-1 lb 
and 12a-12b for performing complete cardiopulmonary bypass with cardioplegic arrest. Thus, 
one catheter will provide a motionless stopped heart environment for intricate cardiac surgery 
while on bypass and cerebrovascular protection by filtration and selective perfusion while on or 
off bypass. 

FIG 19 shows an alternate embodiment of an aortic perfusion shunt apparatus 340 
combined with an embolic filter mechanism 342 positioned within the expandable shunt conduit 
344. This embodiment is similar in construction and materials to the combined aortic perfusion 
shunt apparatus and embolic filter mechanism of FIG 16, except that the embolic filter 
mechanism 342 is positioned within the inner lumen 346 of the expandable shunt conduit 344. 
This arrangement provides a more compact construction of the apparatus 340. The arrangement 
also provides additional protection and support for the embolic filter mechanism 342, which can 
thus be made of very delicate or intricately arranged fine filter mesh material. The additional 
protection also provides more positive capture of embolic materials within the embolic filter 
mechanism 342, particularly upon withdrawal of the device after use, because the filter mesh 
material of the embolic filter mechanism 342 is surrounded with the relatively impermeable 
material of the expandable shunt conduit 344. The apparatus of FIG 19 can also be combined 
with any of the embodiments or constructions previously described in conjunction with other 
embodiments of the present invention, including the aortic occlusion mechanisms of FIGS 9a-9b 
and lOa-lOb or 1 la-1 lb and 12a-12b. Likewise, all operable combinations and subcombinations 
of the features of the present invention described herein, or incorporated by reference, are 
considered to be within the scope of the present invention whether or not they have been 
explicitly described. 
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402.404op«ra,edby«« m d i b I ea n d^ t ab 1 e d o„ S a W ^ aMionmembm4M 408 nG2() 
- > «*away perspective view of the person shunt ^ 400 ^ ^ ^ ^ ^ 

FIG 21 shows the apparams with the perfusion shun, condui, 410 in a coDapsed state for 
insertion or withdrawal of the device from the patient. 

has an elongated catheter or cannula shaft 412 tha, may be configured fo , ^ 

is mounted near the distal end of the catheter shaft 412. The expandable shunt conduit 4 10 is a 
tabular « of either ^ M ^ ^ ^ 

mernber406 extends ou,ofa p0 r,orp^414on ft .cad,e.ershaft412andencirc,« a ,e,hun, 
condu,«410n«r its upstream end 4 16. The fabric of theshun,cond 1 d«4I0isfo 1 ded back over 
•he upstream eiongated expansion member 406 and sewn with a seam 418 to endose the 
upstream elongated expa^ion member 406. A downstream elongated expansion member 408 

extends ou,ofa„o«her P or.orpom420onme Mm e te shaft412andencirc.es,heshun.cond U i, 
410 near its downstream end 422. The fabric of the shunt condui, 410 is folded back over me 
downstream elongated expansion member 408 and sewn with , seam 424 to enclose me 
downstream elongated expansion member 408. 

™ eu P^''°ngatedex P 
from a polymer or metal, such as stainless steel or a nickel-titanium alloy. A first actuation 
member 426 extends through the catheter shaft 412 and connects the upstream elongated 
expanse member 406 to a first actuator button 430 on the proximal end ofthe perfusion shunt 
apparatus 400. The first actuation member 426 may bean extension of the upstream elongated 
expanse member 406 or it may be a separate wire or rod attached to the upstream elongated 
ex P an S ionmember406.S^^ 

w^re, rod, fiber or cable made from a polymer or metal, such as stainless steel or a nickel- 
ftamum alloy. A second actuation member 428 extends through the catheter shaft 412 and 
connects the downstream elongated expansion member 408 to a second actuator button (not 
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visible in this view) on the proximal end of the perfusion shunt apparatus 400. The second 
actuationmember428 maybe an extension ofthe downstream elongated expansion member 408 
oritmaybeaseparatewireorrod attached to thedownstream elongated expansion member 408. 
Alternatively, the upstream elongated expansion member 406 and the downstream elongated 
expansion member 408 may be actuated by a single actuation member 426 and actuator button 
430. 

To prepare the aortic perfusion shunt apparatus 400 for use, the actuator button or buttons 
430 are moved proximally to retract the upstream elongated expansion member 406 and the 
downstream elongated expansion member408 into the catheter shaft 412 through the ports 414, 
420. This gathers the upstream end 416 and the downstream end 422 ofthe shunt conduit 410 
and collapses the shunt conduit 410 toward the catheter shaft 412, as shown in FIG 21. 
Optionally, an outer tube (not shown) may be placed over the collapsed shunt conduit 410. 

The aortic perfusion shunt apparatus 400 is inserted and positioned as previously 
described. Once the aortic perfusion shunt apparatus 400 is in the proper position, the process 
is reversed to deploy the expandable shunt conduit 410. The actuator button or buttons 430 are 
moved distally to extend the upstream elongated expansion member 406 and the downstream 
elongated expansion member 408 from theports 414, 420 in the catheter shaft 412. This expands 
the upstream end 416 and the downstream end 422 ofthe shunt conduit 410 until they contact 
and create a seal against the inner surface ofthe aorta, as shown in FIG 20. Advantageously, the 
shunt conduit 410 may be made of a somewhat elastic film or fabric to easily accommodate 
variations in the sizes of patient's aortas. 

As in previously described embodiments, the aortic perfusion shunt apparatus 400 of 
FIGS 20 and 21 may optionally include one or more radiopaque and/or sonoreflective markers 
on the apparatus for enhanced imaging by fluoroscopic or ultrasonic imaging techniques. 
Another feature that can be combined with each ofthe embodiments ofthe present invention is 
an aortic transillumination system for locating and monitoring the position ofthe catheter, the 
shunt and the optional occlusion devices without fluoroscopy by transillumination ofthe aortic 
wall. Aortic transillumination systems using optical fibers and/or light emitting diodes or lasers 
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"* *• fa&Sim "fnos 20 and 21 is easily .4^, for „ 

"* ' Sy$Km f ° r -* «—*-*-*«. For .his purpose, the ups^cam e,ongated 

preferably a flexible polymeric optica, fiber. Similar,,, „. downstream ' 

p re ^. y aflex iW .po lym ericop ti cal fib er.A,opUca 1 coupli ng(n o«sho M ,)„„ ul<Ibeprovided 
a. ft. proxima, endofthe p^ion shun, apparatus 400 to connect me optic,, fibers to a bgh. 

e ongated expansion member 408 can be made lossy by abrading the „p, ical flbers or ^ 
dadoing so ma, light escapes through the waUs of the fibers. The Ugh, emitted by the fiberoptic 

^^entsu,«ofmeexpandab 1 .shu„,co„dui,4 I 0.Similarly,i» embodiment of me 

hghtemming devices may be posMoned on me »o rt ic occlusion device to locate andmonitorits 

position and state of deployment. 

Lik ^.^^anc embodiment 
wit a bumper !ocation device for facilitatag cathete, inserdon and positioning by providing 
tacul, fe^back when m. cameter device contacts rae Mrtic va|v , B<mper ^ ^ 
^fc'^P^aredesc^^ 
W'^^mnledOW.^^ 

paten, apphcanon 09/161,207, which are h„eby incorpora^d by reference in their entire*. ' ' 

While the present invention has been described herein with respect to the exemplary 
embodiments and the best mod, for practicing the invention, i, will be apparent to one of 
ordmary skin h „, ^ many modificalionSi taprovements ^ ^ 

from the spirit and scope thereof. 
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WHAT IS CLAIMED IS: 

1 . A perfusion shunt apparatus for use in a body passage, comprising: 
a catheter shaft; 

an expandable shunt conduit mounted on said catheter shaft, said expandable 
shunt conduit having an upstream end and a downstream end and an internal lumen, said 
5 expandable shunt conduit having a collapsed position in which said expandable shunt conduit 

is collapsed toward said catheter shaft and an expanded position in which said internal lumen of 
said expandable shunt conduit is open to fluid flow; 

an upstream sealing member at said upstream end of said expandable shunt 
conduit for creating a seal between said upstream end of said expandable shunt conduit and an 
10 internal wall of the body passage; and 

a perfusion lumen for within said catheter shaft in fluid communication with a 
space exterior to said expandable shunt conduit. 

2. The perfusion shunt apparatus of claim 1 , wherein said upstream sealing member 
comprises an inflatable toroidal balloon. 

3. The perfusion shunt apparatus of claim 1 , wherein said upstream sealing member 
comprises an elongated expansion member extendible to expand said upstream end of said 
expandable shunt conduit proximate. 

4. Theperfusionshuntapparatusofclaiml, wherein said upstream sealing member 
comprises an external flow control valve. 

5. Theperfusionshuntapparatusofclaiml, wherein said expandable shunt conduit 
further comprises at least one longitudinal support member attached to a waii of said expandable 
shunt conduit. 

6. The perfusion shunt apparatus of claim 1, wherein said expandable shunt conduit 
further comprises a wall of porous fabric enclosing said internal lumen. 
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7. ^Perfcsronshu^^ 

fcrther composes an end wall ofporous fabric across said downstream end of said expandable 

shunt conduit. 



6. ^P^on^app^ofcUta,,^^^^^^^ 
for selecttvely occluding ^ intemaI lmm „ f ^ ^ 

9. 71,= perfusion !hunt apparate of ^ 8 _ ^ m 
Wte, satd catheter shaft having an infusion p0It ^ ^ 

10. The perfusion shun, apparatus of claim 1, further comprising a downstream 
sealmg member a. said downstream end of said expandab.e shun, conduit for creating a sea, 

be^eensaiddo^sh^endofsaidexpandabieshuntconddt^meint^alwal.of.h.body 

passage. J 



1 1- meperfusionshuntappa.atusofclaim 10, wherein said upstream sealing member 
comprises an inflatable toroidal balloon. 

12. The perfusion shunt apparatus of claim 1 1, wherein said downstream sealing 
member comprises an inflatable toroidal balloon. 

13. Theperfusionshuntapparatusofclaim 10, wherein said upstream sealing member 
compnses an elongated expansion member extendible to expand said upstream end of said 
expandable shunt conduit 



14. The perfusion shunt apparatus of claim 13, wherein said downstream sealing 
member comprises an elongated expansion member extendible to expand said downstream end 
of said expandable shunt conduit. 



15. Theperfusionshuntapparatusofclaim 10, wherein said upstream sealing member 
comprises an external flow control valve. 
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16. The perfusion shunt apparatus of claim 15, wherein said downstream sealing 
member comprises an external flow control valve. 

17. The perfusion shunt apparatus of claim 10, wherein said downstream sealing 
member comprises a retrograde flow external flow control valve. 

18. The perfusion shunt apparatus of claim 1 7, wherein said upstream sealing member 
comprises an antegrade flow external flow control valve. 

19. The perfusion shunt apparatus of claim 10, further comprising at least one 
radiopaque marker located on said apparatus. 

20. The perfusion shunt apparatus of claim 10, further comprising at least one 
sonoreflective marker located on said apparatus. 

21. The perfusion shunt apparatus of claim 10, further comprising a light emitting 
device located on said apparatus. 



22. Theperfusion shunt apparatus of claim 10, wherein said expandable shunt conduit 
further comprises at least one longitudinal support member attached to a wall of said expandable 
shunt conduit. 



23. Theperfusionshuntapparatusofclaim 10, wherein said expandable shunt conduit 
further comprises a wall of impermeable fabric enclosing said internal lumen. 

24. Theperfusionshuntapparatusofclaim 10, wherein said expandable shunt conduit 
further comprises a wall of porous fabric enclosing said internal lumen. 

25. The perfusion shunt apparatus of claim 10, further comprising a second perfusion 
lumen for within said catheter shaft. 
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•mJL n ^7 te ™ of <'- 'O.^rcomprisingatubularskeatJ, 

27. The perfusion shunt apparatus of claim in v 

28. The perfusion shunt apparatus of claim ?7 <wu 

29. The perfusion shunt apparatus of claim in 

i • t w««us oi claim 10, further comprising an inflatable 



» The perfusion shun, apparatus of data 10. wherein said catheter shaft 
posthoned external to said expandable shun, conduit. 



IS 



31. The perfusion shunt apparatus of claim in ,,,1. ' ... 

„„ J • w««us oi ciaim 10, wherein said catheter shaft is 

positioned mtemal to said expandable shunt conduit. 

32. The perfusion shunt apparatus of claim 10, further comprising a filter mesh 



33 Ame tt od„fp 0fU s togabl a nchvKsdinflllidcommm . M(ion 
in a body of a patient, comprising: 

inserting a perfusion shunt catheter into the main vessel- 
intern.,, T^'^^™"**^*"-*--**-- 
internal lumen vrahta said shunt conduit to fluid flow, 

Sra ' ingm, ^» d ° f ^^cabl,shu„.condui, t o„in«ema.wall 0 f 
me mam vessel upstream of the branch vessel; and 

perfusing the branch vessel from a perfusion lumen in fluid communication with 
aspaceexteriortosaidshuntconduit. ™ 
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34. Themethod of claim 33, farther comprising sealing a downstream end of said 
expandableshuntconduitto an internal wall ofthe main vessel downstream ofthe branch vessel. 

35. Themethodofclaim34, wherein said upstream end of said shunt conduit is sealed 
to the internal wall ofthe main vessel by inflating a toroidal balloon at said upstream end of said 
shunt conduit. 

36. The method of claim 35, wherein said downstream end of said shunt conduit is 
sealed to the internal wall ofthe main vessel by inflating a toroidal balloon at said downstream 

end of said shunt conduit. 

37. Themethodofclaim34, wherein said upstream end of said shunt conduit is sealed 
to the internal wall ofthe main vessel by extending an elongated expansion member to expand 

said upstream end of said shunt conduit. 



is 



38. The method of claim 37, wherein said downstream end of said shunt conduit i 
sealed to the internal wall ofthe main vessel by extending an elongated expansion member to 
expand said downstream end of said shunt conduit. 

39. Themethodofclaim34,whereinsaidupstreamendofsaidshuntconduitissealed 
to the internal wall of the main vessel by an external flow control valve. 



40. The method of claim 39, wherein said downstream end of said shunt conduit 
sealed to the internal wall ofthe main vessel by an external flow control valve. 



is 



41. Thememodofclaim34,furthercomprisingimagingsaidperfusionshuntcamet^ 
with the aid a radiopaque marker located on said perfusion shunt catheter. 

42. ThemethodofcIaim34,further comprising imaging said perfusion shunt catheter 
with the aid a sonoreflective marker located on said perfusion shunt catheter. 
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43. The method of claim 34, further comprising emitting light from a light emitting 

device located on said perfusion shunt catheter. 



44. The method of claim 33, further comprising occluding said internal lumen of said 

shunt conduit. 



45. The method of claim 44further comprising infusing fluid into the main vessel 
upstream of said upstream end of said expandable shunt conduit 



46. The method of claim 33, further comprising filtering fluid flow passing through 
said internal lumen of said shunt conduit. 



47. Th e methodofclaim33,wher e insaidperfusion S hunt catheter is inserted into the 
patent's aorta; said upstream end of said expandable shunt conduit is sealed to an internal wall 
of the aorta upstream of the patient's brachiocephalic artery; and at least one of the patient's 
aortic arch branch vessels is perfused from said perfusion lumen. 

48. The method of claim 47 further comprising occluding said internal lumen of said 
shuntconduitandinfusinga^^ 



end of said expandable shunt conduit to induce cardioplegia 



c arrest. 



49. Themethod of claim 34, wherein said perfusion shunt catheter is inserted into the 
pat,enfs aorta; said upstream end of said expandable shunt conduit is sealed to an internal wall 
of the aorta upstream of the patient's brachiocephalic artery; said downstream end of said 
expandable shunt conduit is sealed to an internal wall of the aorta downstream of the patient's 
leftsubclavian artery; andat least one ofthe patient's aortic arch branch vessels is perfused from 
said perfusion lumen. 



50. The method of claim 49 further comprising occluding said internal lumen of said 
shuntconduitandin&singac^ 

end of said expandable shunt conduit to induce cardioplegic arrest. 
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FIG 14a FIG 14b 
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